Protein-chromophore interactions in bacteriorhodopsin: the effects of a change in surface potential.
The chromophore retinal is bound to bacteriorhodopsin via a protonated Schiff base linkage. The retinal binding site is reported to be buried in the transmembrane portion of the protein, distant from the membrane surfaces. When bound to bacteriorhodopsin, the absorption maximum of retinal is red-shifted from 366 nm to 568 nm producing a purple color. This color persists across a wide pH range. However, when the pH is raised above 12.0, the membranes become pink in color, while at pH values of 3.0 or below, a blue color is produced. The blue color can also be obtained by removing the divalent cations bound to the surface of the protein. In this study, bacteriorhodopsin was examined by circular dichroism and absorption spectroscopy to determine if protein conformational changes were associated with the color shifts. It was found that although the retinal chromophore can be completely removed by bleaching with hydroxylamine with no significant influence on the secondary structure of the protein, a change in the surface charge of bacteriorhodopsin results in measurable conformational change in the protein, which apparently affects the nature of the retinal binding site.